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Abstract Physical examinations of tibial torsion are used
for preoperative planning and to assess outcomes of tibial
osteomy in patients with cerebral palsy (CP). The thigh-foot
angle (TFA) and transmalleolar axis (TMA) are commonly
used, and the second toe test recently was introduced.
However, the validity and reliability of the three methods
have not been clarified. This study was performed to eval-
uate the validity and reliability of these physical measures.
We recruited 18 patients (36 limbs) with CP. During reli-
ability sessions, three raters with various levels of
orthopaedic experience independently measured tibial tor-
sion using the three different methods during one day before
surgery. Validity was assessed by performing a correlation
study between physical examination and two-dimensional
computed tomographic (CT) findings. Interobserver reli-
ability was greatest for the TMA followed by TFA and then
by the second toe test with intraclass correlation coefficients
of 0.92, 0.74, and 0.57, respectively. In terms of the con-
current validity, the correlation coefficients (r) for the CT
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measurements were 0.62, 0.52, and 0.55. When depicting
tibial torsion by physical examination, all three methods had
substantial validity, but test reliability and validity were
highest for TMA measurements.

Level of Evidence: Level I, diagnostic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Since Staheli et al. described rotational profile, TFA and
TMA have been used predominantly to measure tibial
torsion [20, 21]. In patients with CP and myelomeningo-
cele, to eliminate external tibial torsion, tibial derotation
osteotomy frequently is performed [4-6, 19, 22]. Because
physical measurements are obtained easily in outpatient,
preoperative, and intraoperative settings, many surgeons
rely on physical examinations. Furthermore, a new tech-
nique called the second toe test was proposed to measure
tibial torsion [9]. Although physical examination has
advantages, physical measurements have disadvantages
such as lack of reproducibility.

Therefore, it is important to confirm a physical exami-
nation is as valid and reliable as an imaging study and
which test is superior in determining tibial torsion.

The aim of this study was to determine the validity and
reliability of physical measures of tibial torsion, namely,
TFA, TMA, and the second toe test.

Materials and Methods

We enrolled 18 consecutive patients with CP meeting the
following criteria: unilateral or bilateral involvement
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Fig. 1 Measurement of the TFA, which is the angle between the
longitudinal axis of the thigh and the longitudinal axis of the foot, is
shown.

planned for single-event multilevel surgery, including
femoral derotation osteotomy or tibial derotation osteot-
omy, and the requirement for a CT scan to define torsional
abnormalities. Prior precision analysis reveals the minimal
sample size required as 36 limbs [1]. Our study had prior
approval of our institutional ethics committees.
Consensus building was performed by all examiners
before initiation of this study. Tibial torsion was measured
using (1) TFA; (2) TMA; and (3) the second toe test. All
methods were performed using a standard universal goni-
ometer, which uses 1° increments with an arm length of
18 cm. Physical examinations were performed with
patients in the prone position, and details of measurements
were as follows: (1) TFA: With the patient’s knee flexed
90°, the ankle in the neutral position, and the sole parallel
to the floor, the angle between the longitudinal axis of the
thigh and longitudinal axis of the foot were measured. A
negative angle means internal rotation and a positive angle
external rotation [21] (Fig. 1); (2) TMA: With the patient
in the position described previously for TFA, the TMA was
measured between the line of the longitudinal axis of the
thigh and the line perpendicular to the axis that connected
the most prominent portions of the medial and lateral
malleolus [21] (Fig. 2); (3) second toe test: With the
patient’s knee fully extended, the lower extremity was
rotated internally or externally until the second toe pointed

Fig. 2 Measurement of the TMA, which is the angle between the line
of the longitudinal axis of the thigh and a line perpendicular to the
axis connecting the most prominent portions of the medial and lateral
malleolus, is shown.

directly toward the floor. Without changing the thigh
rotation, the knee then was flexed 90°. The angle between
the line vertical to the floor and the longitudinal axis of the
shank was defined as the amount of tibial torsion [9]
(Fig. 3).

Validities were assessed by comparing findings with
those of a widely accepted method of measurement. Two-
dimensional CT is viewed as an accurate means of
obtaining quantitative measurements. CT (Mx8000IDT;
Philips Medical Korea, Seoul, Korea) images at the levels
of the proximal and distal tibia (within 2 cm of the articular
surface) were selected. Physical examination validities
were assessed using the concurrent validity method, which
assesses validity versus a standard method. CT images
were obtained on the same days as reliability sessions were
performed and then archived. These archived images then
were measured twice by two raters with an interval of
3 weeks (Fig. 4). The orders of the measurements were
randomized using the method of random sampling without
replacement The values from these four CT measurements
were averaged to produce index values. Correlations were
analyzed by averaging the physical examination findings of
the three raters.

During the reliability session, interobserver reliability
was examined by three raters with 21 (CY), 6 (MS), and
5 years (SH) orthopaedic experience. These three raters
independently measured tibial torsion using the three dif-
ferent methods without knowledge of patients or the
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Fig. 3A—C Measurement using the second toe test is shown. (A)
With the knee extended, the lower extremity was rotated internally or
externally until the second toe pointed perpendicular to the floor. (B)

Fig. 4 Tibial torsion is defined as the angle between the line
connecting both posterior condyles of the tibia and the line
penetrating the medial and lateral malleolus. We regard this
measurement as the reference standard for tibial torsion.

@ Springer

Without changing the thigh rotation, the knee then was flexed 90°. (C)
The angle between the line vertical to the floor and the longitudinal
axis of the shank was then measured.

findings of other raters. Reliability sessions were conducted
during a single day before surgery. Orders of measurement
were assigned randomly and all data were collected by a
research assistant who did not participate in the reliability
sessions. An 18 x 3 matrix was acquired to determine
interobserver reliability.

Prior precision analysis was performed to identify the
minimal sample size required for the analysis. This study
was designed to enable intraclass coefficients (ICCs) of
reliability to be calculated at a target value of 0.8. In
addition, we used the approximation suggested by Bonett
[1]. Accordingly, when we set the 95% confidence interval
to 0.2 for three raters, the minimal sample size was cal-
culated to be 36 limbs. The ICC and their 95% confidence
intervals were used to summarize the interobserver reli-
ability. In our assumption, 36 limbs were representative of
physical examinations and CT measurements (ie, the cases
were considered a random factor) from a population with
CP. The ability of a test to show interobserver reliability
was evaluated using the one-way random effect model
[15]. The ICC can be interpreted as follows: ICC = 1
means perfect reliability and ICC = 0 means opposite [8].
The normality of each variable was tested using a Kol-
mogorov-Smirnov test. Pearson’s correlation coefficients
were used to determine the relationship between the
physical examinations and CT measurements. Linear
regression was used to predict the true tibial torsion (CT
values in this study) with physical examinations. The data
were analyzed statistically using SPSS 11.0 (SPSS, Chi-
cago, IL).
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Results

All eighteen patients (36 limbs) in this study were diag-
nosed with CP, and their average age was 11.9 years
(Table 1). The range of tibial torsion in the CT measure-
ments was from —8° to 66° (Table 2). The interobserver
and intraobserver reliabilities of the CT study ranged from
0.92 to 1.00 in the manner of the ICC (Table 3).

The validities of physical examination were presented as
concurrent validity. Correlations between CT and physical
examination findings were all significant, although correla-
tion was greatest for the TMA (Table 4). Linear regression
produced the following equations for relations between CT
and physical examination measurements (Fig. 5):

Y (tibial torsion by CT) = 18 4 0.9x (TFA)
Y (tibial torsion by CT) = 12 + 0.8x (TMA)

Y (tibial torsion by CT) = 13 + 1.5x (second toe test)

Table 1. Summary of patients

Characteristics Patients
Gender (male/female) 11/7
GMEFCS level (I/II/I1I) 5/7/6

Age (years) 11.9 (4.3, 6-20)

Data are provided as means (standard deviation, range); GMFCS =
gross motor function classification system.

Table 2. Summary of test data

Examination Average Range Standard
deviation
Thigh-foot angle 10.9 —15to 32 8.9
Transmalleolar axis 19.7 —18 to 42 11.8
Second toe test 10.7 —11 to 25 6.6
CT measurement 28.5 —8 to 66 13.0
Table 3. Intraobserver and interobserver reliabilities of CT
measurements
Reliability Rater Intraclass 95% confidence
correlation interval
coefficient
Intraobserver First rater 0.98 0.97-0.99
Second rater 0.99 0.99-1.00
Interobserver First session 0.96 0.93-0.98
Second session 0.96 0.92-0.98
Overall 0.97 0.95-0.98

Data are tested by one-way random effect model.

Table 4. Concurrent validities of physical examination tests and CT
measurements

Examination Correlation p Value
coefficient (r)

Thigh-foot angle 0.52 0.001

Transmalleolar axis 0.62 < 0.001

Second toe test 0.55 0.001

Normality of the variables was verified using a Kolmogorov-Smirnov
test, and the correlation coefficients were calculated using the Pearson
correlation.

Regarding the reliability of a physical examination, the
interobserver reliability was greatest for the TMA followed
by the TFA and then by the second toe test (Table 5).

Discussion

The main aims of this study were to determine if a physical
examination is as valid and reliable as a CT study and
which of three physical examinations was best in deter-
mining the tibial torsion. The study showed the TMA has
greater validity and reliability.

Before discussing the clinical implications, it is impor-
tant to address the limitations of the study. First, the
strength of the validity relied on the concurrent validity.
Although direct measurements using necropsy specimens
are most accurate, these obviously are unavailable in a
clinical situation. The concurrent validity can be defined as
the correlation with a reference standard method, CT in the
current study. The validity and reliability of the reference
standard method should be documented before addressing
the concurrent validity of physical examinations. Although
the reliability of a CT study was tested (Table 3), the
validity of CT was not tested in the current study. CT is
widely used to measure tibial torsion. The validity of CT
measurements of tibial torsion was determined in cadaveric
studies [3, 11]. Its use has been advocated in numerous
studies [2, 3, 7, 11, 12, 25]. Other methods such as MRI
[17, 18, 24] and ultrasound [2, 10] also are valid tools for
measuring the level of tibial torsion and can be used as
reference standards. However, because CT was invented
earlier, studies on the validity of MRI and ultrasound have
used CT as the reference standard [2, 18]. The reference
lines for CT in this study are the bimalleolar and posterior
condylar axes (Fig. 4). For the distal reference line, some
studies advocated the bimalleolar axis [7, 11] as the ref-
erence line. Some advocated other axes such as the center
of the tibia [12] or dorsal border of the tibia [2]. For the
proximal reference line, the transtibial [11] and posterior
condylar axes [2, 7, 12] are widely used. However, these
two reference lines are similar in the juxtaarticular area [7].

@ Springer
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Fig. SA-C (A) The relationship between CT measurements and the TFA is shown. (B) The linear relationship between CT measurements and
the TMA and (C) between CT measurements and second toe test findings are shown.

Table 5. Interobserver reliabilities of physical examinations

Examination Intraclass 95% confidence
correlation interval
coefficient

Thigh-foot angle 0.74 0.55-0.86

Transmalleolar axis 0.91 0.85-0.95

Second toe test 0.57 0.25-0.76

Data are tested by one-way random effect model.

The second limitation is the setting of the measurements
was in a preoperative and outpatient setting. It is possible
physical examinations with patients under anesthesia could
improve reliability and validity [9]. Furthermore, the

@ Springer

second toe test and TFA after foot deformity correction
might have shown improved reliability and validity [9].
Although validity and reliability in a preoperative and
outpatient setting are important in decision-making, readers
should consider these limitations when interpreting these
results.

After Staheli et al. described tibial torsion [21] by TFA
and TMA, numerous authors examined these measure-
ments [7, 11, 13, 14, 23]. The validity of TFA or TMA
have been described [16, 23]. One study compared the
physical examination and CT findings [23], whereas the
other compared the physical examination findings with
direct tibial torsion measurements in cadavers [16]. How-
ever, these two studies showed disagreement with the
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Table 6. Studies of validity of the transmalleolar axis

Study Number of subjects Reference standard Range of torsion Correlation coefficient (r) Clinical use
Stuberg et al. [23] 17 CT study 10°-42° * Advocate
Milner and Soames [16] 10 Direct measurement 21°-47° 0.33 Decline
Current study 18 CT study —8°-66° 0.62 Advocate

* Data were not provided in the original article; CT = computed tomography.

validity of the TMA (Table 6). The study which showed
poor validity of the TMA used the reference standard with
direct measurement of a cadaver [16]. Although they
released the soft tissue structure to facilitate knee and ankle
motion, it is difficult to perform a physical examination on
a cadaver. Our study adds the results of the second toe test
and shows physical examinations have reasonable validity.

To achieve adequate reliability, there are two prerequi-
sites. First, the subject matrix (number of subjects x
number of raters) should be large enough. For practical
reasons, we considered that raters be limited to three for
physical examinations for patient compliance reasons.
Thus, we limited raters to three and recruited sufficient
subjects. Second, the range of variables should be wide
enough. In a narrow range of variables, one can easily
assume that the reliability is better than a wide range; that
is, the correlation can be higher when the subjects are
homogenous and lower when the subjects are heteroge-
neous. Moreover, the correlation can be overestimated in a
homogenous population. This study showed significant
variability (—8° to 66°), and the heterogeneity is believed
to be sufficient.

The physical examinations used in the current study have
unique advantages and disadvantages. The second toe test
has three disadvantages. First, this test has two measure-
ment reference lines, ie, the longitudinal axis of the lower
leg and the line vertical to the floor. However, in patients
with bowed legs, it is difficult to define the longitudinal axis
of the lower leg. Thus, in patients with bowed legs, tibia
vara, or tibia valga [9], the longitudinal axis should be used
as a measurement reference for the proximal tibia rather
than the whole tibia. Moreover, when performing mea-
surements using the second toe test, the knee must be flexed
and the foot progression angle must be maintained. How-
ever, in older and obese patients, flexing the knee and
holding the thigh firmly without rotation may be difficult.
Foot deformities, varus, or valgus affect test results because
one of the reference lines is the longitudinal axis of the foot,
which must be maintained throughout the tests. The TFA is
influenced by foot deformity, ankle instability, and knee
instability, and the longitudinal axis of the thigh cannot be
defined easily in obese patients. In obese patients, TMA
measurements are problematic because it is difficult to
define the longitudinal axis of the thigh. Moreover, knee

rotatory instability can cause unreliable results. However, in
transmalleolar measurements, foot deformities and ankle
instability do not interfere with results.

When measuring tibial torsion in an outpatient or pre-
operative setting, the test validity and reliability were
greatest for the TMA method.
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